Se analizaron datos sobre densidad poblacional de la liebre de Tehuantepec, Lepus flavigularis durante seis años de monitoreo en las poblaciones de Montecillo Santa Cruz y San Francisco del Mar Viejo, al sur del Istmo de Tehuantepec, Oaxaca, México. Se calculó el índice de fluctuación poblacional (IF) para esta especie de lagomorfo en las dos localidades. Los intervalos en fluctuación entre niveles poblacionales máximos y mínimos fueron evaluados de acuerdo al número promedio de años requeridos para que los cambios ocurran. Se llevó a cabo el método de transecto de ancho fijo para la obtención de valores de densidad. La liebre de Tehuantepec presenta en general, valores en densidad bajos en ambas poblaciones de estudio, con IF altos en Montecillo Santa Cruz, lo que indica que presenta una gran amplitud de cambios en su tamaño poblacional en periodos de tiempo cortos, debido probablemente a las prácticas de uso de suelo de la zona, mismas que incluyen una intensa ganadería extensiva y la aplicación de quemas controladas. En San Francisco del Mar Viejo, zona con menor intensidad de pastoreo y sin quemas, la liebre de Tehuantepec presentó valores de IF bajos, por lo que es probable que en esta población la especie se mantenga más estable a lo largo del tiempo. Palabras Clave: fluctuación poblacional, lagomorfo, Lepus flavigularis, Istmo de Tehuantepec, Oaxaca, México.
INTRODUCTION
Habitat disturbance and fragmentation is increasing in Mexico (Instituto Nacional de Ecología 2000). Like result, a wide number of species is in danger of extinction, including some lagomorphs in small and highly vulnerable isolated populations (Cervantes et al. 1990 , Cervantes & González 1996 , Cervantes et al. 1997 . Just in Mexico, 15 species of lagomorphs are distributed, divided in three genuses. Inside these, there is the Tehuantepec jackrabbit, Lepus flavigularis. The Tehuantepec jackrabbit is an endemic species of the south Tehuantepec Isthmus, Oaxaca (Anderson & Gaunt 1962) , being the only species of American jackrabbits that lives in tropical zones, with a distribution of 150 km 2 in the surroundings of the Isthmus (López-Forment 1989) . The Mexican government declared this species of high priority in the conservation due to the restricted distribution of its habitat and to its excessive hunting (Instituto Nacional de Ecología 1997 , SEMARNAT 2002 . This jackrabbit is considered the most threatened of the world (Chapman et al. 1990 , Flux & Angermann 1990 , Cervantes 1993 , Baillie & Groombridge 1996 .
The populations of this species undergo serious threats, mainly by human activities (Portales et al. 1997 , Lorenzo et al. 2000 . It's necessary to have more biological information of Lepus flavigularis, with the purpose of establishing eff i c i e n t management and conservation programs in the future. One of the aspects that should be evaluated is the population fluctuation of this species. The abundance and the density of the populations are fundamental parameters in the decisions making for the management and conservation of wildlife (Caughley 1977) . The density is the representation of the population abundance of a species, and it's product of the balance between populations parameters such like natality, mortality, and immigration and emigration (Galindo-Leal 1999) . The habitat conditions have a great influence in the lagomorphs densities, as the amount and quality of available food (Bronson & Ti e m e i e r 1959, Daniel et al. 1993) , including those cases in which the habitat conditions are altered by its modification or degradation (Vorhies & Taylor 1933 , Flinders & Hansen 1975 , Sullivan & Moses 1986 , Tapper & Barnes 1986 .
These factors provoke population fluctuations in several taxa through the time, which have been considered as cycles related with regulative phenomenons or like answers to the environmental changes (Keith & Windberg 1978 , Keith 1990 , as well as caused by complex interactions between the lagomorphs and the plants with which they feed and between these and their predators (Erlinge et al. 1984 , Bailey 2005 .
Such cycles in the population density of some mammals are clearly defined, just like happens for Lepus americanus, whose interval of duration is of eight to ten years, period during which there are population peaks and declines related basically with the supply of food, predation and the leveret survival. Also, the population cycles of this species in Canada and Alaska affects to more than one species; during the population peaks, the jackrabbits could compete with the elks for the food and directly affect the lynx population density, its almost exclusive predator (Gobierno de Yukon 2005) . In the same way, the population density of European rabbits (Oryctolagus cuniculus) in Canarias, Spain, presents clear variations along the year, the maximum values take place in late spring when the juveniles are incorporated to the population, and abruptly descend in summer, at the beginning of the hunting season and irruption of sickness (Gobierno de Canarias 2005) .
There're very few studies of the population density of L. flavigularis and there're no research about population fluctuation neither how this is related to the habitat changes. For L. flavigularis has been reported densities between 6 and 13 individuals/km 2 (Lorenzo et al. 2000 , Va rgas 2000 , Sántiz 2002 , Farías 2004 . In the study area, this lagomorph share its habitat with other species of mammals like the eastern cottontail (Sylvilagus floridanus), the hooded skunk (Mephitis macro u r a) , the coyote (Canis latrans), and the gray fox (U rocyon cinere o a rg e n t e u s) (Lorenzo e t a l. 2000 , Farías 2004 . There are no studies about the populations fluctuations of these in the area of study. In this study the fluctuation index was used, it refers to ranges in fluctuations between maximum and minimum population levels evaluated according to the average number of years required for the changes to take place (Terman 1966) .
Due to the importance of knowledge on density fluctuations of the lagomorphs to long term, the objectives of this study were: 1) to know the density fluctuation of the Tehuantepec jackrabbit Lepus flavigularis in two populations through six years; 2) to compare the population densities fluctuations through the fluctuation index; and 3) to determine possible relationships between the population densities fluctuations and the land use changes during the period of study.
MATERIAL AND METHODS
Study are a . This study was conducted at localities of Montecillo Santa Cruz (16°22'05"N, 94°35'15.4"W) and San Francisco del Mar Viejo (16°13'58.2"N, 94°37'56.3"W), south Tehuantepec Isthmus, Oaxaca, Mexico; in the Municipality of San Francisco del Mar (Fig. 1 ). Study area is located at northeast Istmica-Chiapaneca coastal plain, which is situated between Sierra Madre de Chiapas and Pacific Ocean (Zizumbo & Colunga 1982) . Climate is tropical with mean annual temperature of 27.6°C, mean annual rainfall of 800 mm (Instituto Nacional de Estadística Geografía e Informática 1995), and marked seasons. The rainy season is from May to October with an intra-estival drought in August, and the dry season is from November to April and is severe during late winter and early spring (Zizumbo & Colunga 1982) . The sampled area size comprised 43.8 km 2 i n Montecillo Santa Cruz, and 7.6 km 2 in San Francisco del Mar Viejo. Vegetation. Four habitat types were identified in Montecillo Santa Cruz: 1) grassland: open and plain areas, tending to flood during wet season, characterized by a forbs stratum compound by grasses, herbs, and some "morro" trees (Crescentia alata) and shrubs. Commonest species are the grasses Aristida sp. and Trisetum sp.; 2) nanchal: semi open areas compound mainly by forbs and shrubs stratums; shrubs density is higher than grassland and the predominant species is the "nanche" (Byrsonima crassifolia); 3) shrub: close areas, compound by thorny and deciduous shrubs and trees with 4 meters high. Commonest species are Acacia farnesiana, Casearia sp., and Aristida sp.; 4) riparian vegetation: little patches compound by dense vegetation growing in streams margins. It's characterized by very high deciduous trees (15 meters high). Aristida sp., Gliricidia sepium and Celtis iguanaea are characteristic (Pérez-García et al. 2001 , Farías 2004 , Sántiz 2005 . In San Francisco del Mar Viejo characteristic habitat is coastal vegetation. Forbs are predominant and there are some mangrove swamps around ponds and estuaries (Salas 2003) . There is thorny deciduous low tropical forest neighboring with coastal dunes. Acacia spp. and some Cactaceae species are predominant (Sántiz 2002) .
Land use. The residents of Montecillo Santa Cruz are traditional fishermen, although in the last years the agriculture has become an important activity for the generation of basic products (Vargas 2001) . There are also other activities like the trade, the cattle raising, and the hunt in minor proportion. In Montecillo Santa Cruz extensive cattle raising is carried out in the whole zone of grassland, and the practices of prescribed burnings are habitual in order to promote the grass regeneration. In San Francisco del Mar Viejo the main activity is the fishing, which constitute a widespread activity and it's also the base of a distinctive economy. In the surroundings of the town is carried out the extensive cattle raising (Gómez 2005) .
Using 2000 Population Fluctuation Index estimation. Maximum and minimum intervals in population densities fluctuation was referred as the Fluctuation Index (FI) by Terman (1966) . It was calculated using relationship between the mean range of populations fluctuations for the species and the mean time (years) for these changes to occur.
FI = Mean range of population fluctuations/Mean years for range to occur
Statistical analysis. Comparison of population densities between the two populations was carried out using t Student significance tests (STATISTICA '98, Statsoft 1998). The analysis of the satellite images was carried out using the ArcView software 3.2a, and the extensions Spatial Analyst 2.0 and Image Analyst 1.0 (Environmental Systems Research Institute Inc., Redlands, CA.)
RESULTS

Registered mammals. Besides lagomorph L. flavigularis, we observed diverse species of medium mammals: eastern cottontail (S. floridanus), nine banded armadillo (Dasypus novemcinctus), common opossum (Didelphis sp.), gray fox (U. cinere o a rg e n t e u s), coyote (C. latrans), raccoon (P rocyon lotor), and skunks (Conepatus leuconotus, M. macro u r a and Spilogale putorius). Also in some zones (at the foot of some hills), was observed white tailed deer (O d o c o i l e u s v i rg i n i a n u s).
Bovine and equine livestock were frequently observed in grasslands and along sample transects, as well as domestic cats and dogs in the localities nearest zones. (Fig. 2) . A t-Student test showed that was not a significant difference between population densities of Montecillo Santa Cruz and San Francisco del Mar Viejo (t= -2.05, p = 0.1087, marked differences at p < 0.05000). Part of the vegetation in Montecillo Santa Cruz was burned. The prescribed burning was part of the management practices of grazing area, which consist of the provocation of fires in order to promote the regeneration of the grassland during the dry season. These fires frequently become uncontrolled, which affect to extensive areas in region. During the years 2000 and 2003, 19.88% and 8.54% of the surface was affected for the fire, respectively (Fig. 4) . In contrast, along this investigation in San Francisco del Mar locality burned areas were not observed.
DISCUSSION
In the two localities, L. flavigularis presented low mean density values if compared with other lagomorph species. In northwest Mexico (Valley of Santo Domingo, Baja California Sur), densities of L. californicus were evaluated in order to determine the damage that it causes to chickpea cultivation, registering densities of 2 and 11 individuals/km 2 (Rodriguez & Arnaud 1990) . In Nevada, L. californicus showed densities of 20 individuals/km 2 (Hayden 1966) , and up to 3,500 individuals/km 2 (14 jackrabbits per acre) in Kansas, in winter months, where the animals were forced to concentrate in crop fields to obtain food and suitable habitat, due to droughts and overgrazing (Bronson & Tiemeier 1959) . In Texas, similarly, this species showed densities of 154 individuals/km 2 due to overgrazing (Davis & Schmidly 1997) .
In United States, S. floridanus showed densities from 310 individuals/km 2 (3.1 individuals/ha) up to 2,000 individuals/km 2 (20 individuals/ha) (Chapman et al. 1982) ; however, in the province of Alessandria, northwest Italy, the maximum densities values in this species were of 25 individuals/km 2 to 27.5 individuals/km 2 (2.5 to 2.75 individuals/l0 ha) (Silvano et al. 2000) . Sylvilagus aquaticus showed fall densities of 40 individuals/km 2 (0.4 individuals/ha) in Indiana, and S. nuttallii showed wide fluctuations of 6 individuals/km 2 (0.06 individuals/ha) to 250 individuals/km 2 (2.5 individuals/ha) in Oregon (Chapman et al. 1982) .
By the other hand, Vargas (2000) registered density values of L. flavigularis of 11.5 individuals/km 2 in an area of 1.3 km 2 , as well as 3.9 individuals/km 2 in an area of 1.8 km 2 in a population located between Santa Maria del Mar and San Mateo del Mar, Oaxaca. Sántiz (2002) reports density values of L. flavigularis of 6.0 and 6.5 individuals/km 2 in Montecillo Santa Cruz and San Francisco del Mar Viejo, respectively. The low density values of this lagomorph species resulted in population mean size very low, which should take in bill in specific actions for the conservation of these species. Habitat alteration and degradation probably occasioned a decrease in food and space availability, resulting in low population densities (Lorenzo et al. 2000 , Sántiz 2002 . Daniel et al. (1993) report a similar effect on L. californicus at the Chihuahuense Desert, where density values were higher in habitat with better conditions of food and protection. This suggestion is also supported for Sullivan & Moses (1986) , who registered a dramatic decrease in density of L. americanus in degraded areas in The British Columbia.
It's very interesting notice that Lepus flavigularis showed FI values minor in San Francisco del Mar Viejo than in Montecillo Santa Cruz, this means that Tehuantepec jackrabbit population stay more stable along time in San Francisco del Mar Viejo. Seemingly this could be conditioned by the different land use practices, since in Montecillo Santa Cruz grassland areas were observed subjected to fire and grazing, while in San Francisco del Mar Viejo, prescribed burning is not present, and grazing intensity is minor. Through the satellite images analysis we observed that burned areas were more extensive in 2000 than 2003 in Montecillo Santa Cruz, which could it be reflected in the lower population density in 2003 and the increase in jackrabbit population densities in the 2004; this seems to indicate that this species doesn't use recently burned areas. This observation is supported by reports like that of Meslow & Keith (1968) , who founded that L. americanus recolonize a burned area three years after the fire occurred, even there are registrations of recolonization up to 6 to 7 years after the fire (Burgason 1977) . This depends on the time in which habitat recovers their capacity to provide enough food and protection to the lagomorphs (Parker 1984) .
Of great importance for conservation actions is that prescribed burns are carried out every year, with the purpose of promoting grasslands regeneration for the livestock; these burns frequently are left from control and they extend to very extensive zones. Probably that burns intensity doesn't permit the lagomorphs reestablishment in burned areas (Driessen 1999 , Salvatori et al. 2001 . Also, burned areas break habitat temporarily into fragments, this could affect the densities and populations size of diverse species (Fahrig & Paloheimo 1988 , Diffendorfer et al. 1995 , Klok & DeRoos 1998 , as well as the populations dynamic (Hassell 1980 , Stamps et al. 1987 .
Our results indicate that L. flavigularis densities in Montecillo Santa Cruz and San Francisco del Mar Viejo localities are low in comparison with other lagomorphs species, which places them in a situation of risk with regard to their conservation. Area management practices like the use of prescribed burns in Montecillo Santa Cruz, seems to influence directly in population fluctuations of this species of lagomorph, and could cause abrupt changes in their densities in short periods of time.
The present study is the first in their type that includes data about population changes in a long term for the highest extinction treat lagomorph species, L. flavigularis. This study will be of great utility for future studies concerning management and conservation of this species and its habitat. It's important remark that it is necessary carry out detailed studies about relationship of this lagomorph with other mammals and with diverse variables like grazing, prescribed burns, as well as rainfall, temperature and changes in land use.
